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Summary 


The  photodecomposition  of  formaldehyde  in  air  has  been  investi¬ 
gated  in  the  laboratory  at  two  temperatures:  300  and  220  K.  Quantum 
yields  for  the  formation  of  CO  and  H2  were  determined  at  nine  wave¬ 
lengths  in  the  spectral  region  270-355  nm,  each  wavelength  being  iso¬ 
lated  by  a  monochromator  with  5  nm  spectral  resolution.  From  the  ex¬ 
perimental  data,  the  quantum  yield  curves  for  the  two  photolytic 
pathways 

CH20  +  hv  — »  H  +  HCO  01 

— +  +  CO  42 

were  obtained  as  a  function  of  wavelength.  The  total  quantum  yield 
is  identical  with  the  CO  quantum  yield.  It  is  unity  and 
essentially  independent  of  temperature  and  pressure  at  wavelengths 
less  than  330  nm.  At  longer  wavelengths  the  CO  quantum  yield  de¬ 
creases  due  to  quenching.  At  353  nm  and  one  atmosphere  pressure  the 
CO  quantum  yields  are  0.26  for  a  temperature  of  300  K,  and  0.11  for 
220  K.  The  corresponding  quenching  constants  in  terms  of  number  den¬ 
sity  are  o(  =  1.09  •  10~19  cm3/molecule  and  2.47  •  10"19  cm3/molecule 
at  300  K  and  220  K,  respectively . 

Absorption  cross  sections  for  formaldehyde  were  measured:  (a)  with 
0.5  nm  spectral  resolution  to  derive  data  for  the  calculation  of 
photodissociation  coefficients,  and  (b)  with  5  nm  spectral  resolution 
to  obtain  cross  sections  needed  for  the  evaluation  of  quantum  yields. 

Based  on  the  experimental  data,  but  neglecting  the  temperature 
effect  of  quenching  in  the  330-360  nm  wavelength  region,  CI^O  photo¬ 
dissociation  coefficients  were  calculated  as  a  function  of  altitude 
for  three  solar  zenith  angles  (30,  50,  70  degrees).  Raleigh  scattering 
and  an  assumed  ground  albedo  of  0.3  were  included  in  the  computational 
routine.  Photodissociation  coefficients  J^,  J2  and  J1  +  J2  are  ta¬ 
bulated  in  intervals  of  1  km  for  the  0-50  km  altitude  range. 
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Introduction 


This  Final  Report  under  Contract  No.  D0T-FA78-WA-4264  describes 
experimental  data  on  absorption  cross  sections  and  quantum  yields 
for  the  two  pathways  of  formaldehyde  photodecomposition  in  the  spec¬ 
tral  region  pertinent  to  the  atmosphere  in  accordance  with  the  work 
statement  of  the  contract.  In  particular,  quantum  yield  data  for  room 
temperature  and  stratospheric  temperature  are  reported.  A  later  amend¬ 
ment  of  the  original  work  statement  calls  for  the  computation  of 
photodissociation  coeffu  nts  (J  values)  based  upon  the  results  of 
the  measurements,  and  these  data  will  also  be  provided  here.  The 
following  text  is  subdivided  into  thr*'.e  sections  which  describe,  in 
turn,  the  experimental  arrangements  used,  the  results  obtained  for 
absorption  cross  sections  and  quantum  yields  together  with  a  short 
critique,  and  the  results  of  the  computations.  The  application  of 
these  data  to  problems  of  atmospheric  chemistry  will  not  be  discussed. 

Experimental  Techniques 


(a)  Absorption  Cross  Sections. 

A  commercial  double  beam  spectrophotometer  was  used.  The  instrument 
develops  a  single  light  beam  from  a  deuterium  lamp  (for  the  wavelength 
region  below  400  nm)  in  conjunction  with  a  Czerny-Turnertype  scanning 
monochromator  of  moderate  resolution.  The  light  beam  is  then  passed 
alternately  through  a  sample  cell  and  a  reference  cell  and  directed 
onto  one  and  the  same  photomultiplier  by  means  of  two  sychronized  ro¬ 
tating  mirrors.  The  photomultiplier  signal  is  amplified,  and  electroni¬ 
cally  processed  to  retrieve  sample  and  reference  signals.  The  logarithm 
of  their  ratio,  appropriately  factored,  is  derived  electronically  to 
yidld  directly  the  absorption  coefficient  as  the  final  electric  out¬ 
put  signal.  Calibration  of  wavelength  scale  was  performed  by  using 
the  two  sharp  emission  lines  of  the  deuterium  lamp  spectrum  at  486.0 
and  656.1  nm  as  standards.  Calibration  of  the  absorption  cross  section 
scale  was  checked  using  filters  with  known  transission. 

A  set  of  optically  matched  sample  cells  made  of  fused  quartz  were 
used.  Their  optical  length  was  80  mm.  These  cells  were  provided  with 
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jackets  for  a  heating  or  cooling  fluid,  as  well  as  with  evacuated 
and  sealed  double  windows  on  each  end  to  eliminate  frosting.  The 
moisture  content  of  the  cell  compartment  was  in  addition  reduced  by 
flushing  with  dry  nitrogen.  One  cell  was  evacuated  and  sealed  off  and 
served  as  a  reference  cell,  the  other  one  was  connected  to  a  gas  hand¬ 
ling  system.  Each  cell  was  held  in  position  by  four  pror gs  so  that 
thermal  heat  losses  were  minimized.  Ethylalcohol  served  as  a  cooling 
fluid.  It  was  circulated  through  a  conventional  thermostat  connected 
to  a  dry  ice  supply.  Temperatures  down  to  200  K  could  be  maintained  in 
this  way.  A  second  thermostat  equipped  with  a  heater  was  used  to  reach 
temperatures  of  about  370  K.  The  cell  temperature  was  measured  by  a 
set  of  platinum  resistance  thermometers  located  at  the  inflow  and  out¬ 
flow  junctions  of  the  cell's  jacket. 

Formaldehyde  was  prepared  from  paraformaldehyde  by  heating  it  to 
150°  C  in  an  evacuated  system  keeping  the  pressure  at  15  torr.  The  va¬ 
por  was  collected  in  a  trap  cooled  by  dry  ice.  It  was  subsequently 
purified  by  trap  to  trap  destination  and  finally  stored  in  a  cylindri¬ 
cal  trap  kept  at  the  temperature  of  liquid  nitrogen.  The  storage  trap 
was  kept  in  the  dark  and  was  connected  to  a  handling  manifold  of  the 
type  shown  in  Figure  1.  Only  teflon  stoppered  cocks  or  stainless  steel 
bellows  valves  were  used  in  constructing  the  manifold.  From  the  storage 
trap,  formaldehyde  was  admitted  either  directly  into  the  absorption 
cell  or  was  brought  into  an  evacuated  mixing  vessel  where  nitrogen  was 
added  to  produce  CH20  -  N2  mixtures  of  known  mixing  ratios.  In  either 
case,  the  number  density  of  formaldehyde  in  the  cell  was  calculated  from 
the  measured  pressures  and  temperature. 

With  pure  formaldehyde  in  the  absorption  cell,  a  decrease  of  the 
working  pressure  with  time  was  initially  noted,  but  as  the  number  of 
experiments  in  sequence  rose,  the  cell  became  conditioned.  Then,  the 
data  obtained  were  quite  reproducible,  indicating  that  the  adsorption- 
desorption  processes  occuring  at  the  walls  had  become  stationary.  With 
pure  formaldehyde  in  the  cell,  the  zero  line  was  checked  after  each 
run  by  freezing  the  formaldehyde  into  a  freeze  trap.  The  background 
was  noted  to  build  up  after  a  series  of  runs.  This  effect  is  assumed 


to  result  from  the  polymerization  of  formaldehyde  on  the  windows 
of  the  cell.  The  background  could  be  removed  again  by  pumping  on 
the  cell  for  a  prolonged  period  of  time.  The  change  in  zero  line 
with  time  was  taken  into  account  in  two  ways:  (a)  by  taking  data 
only  over  short  time  intervals,  as  with  formaldehyde;  and  (b)  by 
appropriate  correctiors  for  the  increasing  background  when  slowly 
scanning  the  spectrum  over  the  entire  spectral  range  240-370  nm. 

One  scan  required  about  20  minutes.  The  latter  procedure  was 
used  both  with  pure  formaldehyde  and  with  CH20-N2  mixtures.  A 
comparison  of  data  obtained  by  both  procedures  in  the  case  of 
pure  formaldehyde  gave  consistent  results. 

(b)  Quantum  Yields 

Mixtures  of  formaldehyde  in  air  were  photolyzed  in  a  convention¬ 
al  manner  in  cylindrical  quartz  cells.  Ultraviolet  light,  generated 
by  a 150W-Xenon  arc  lamp,  passed  first  through  a  distilled  water  i.r. 
filter,  and  was  then  focussed  onto  the  entrance  slit  of  an  f/2  Jobin- 
Yvon  monochromator.  This  instrument  uses  a  holographic  grating  eli¬ 
minating  image  errors  whereby  the  useful  light  intensity  is  in¬ 
creased  over  that  of  conventional  Czerny-Turner  type  monochromators. 
The  widths  of  the  entrance  and  exit  slits  were  set  to  2  mm  each,  so 
that  a  spectral  resolution  of  5  nm  halfwidth  was  obtained.  The 
light  emerging  from  the  monochromator  was  collimated  by  means  of  a 
quartz  lens  to  a  parallel  beam  width  coinciding  with  the  internal 
diameter  of  the  photolysis  cell.  After  having  passed  the  cell,  the 
light  beam  fell  onto  a  calibrated  thermopile  which  served  to  monitor 
the  radiation  and  to  measure  its  absolute  flux.  A  small  fraction  of 
the  radiation  emitted  from  the  light  source  was  deflected  upon  a 
photodiode  whose  signal  was  used  to  regulate  the  lamp  power  supply 
keeping  its  photon  flux  constant  to  within  0.2%  during  the  duration 
of  the  photolysis. 

Formaldehyde  was  prepared  as  described  in  the  previous  section. 
Mixtures  of  formaldehyde  and  air  were  prepared  in  the  gas  handling 
system  shown  in  Figure  2.  Synthetic  air  was  freed  from  hydrocarbons, 
CO  and  H2  by  a  combination  of  traps  containing  molecular  sieve  and 
hopcalite.  A  known  amount  of  formaldehyde  was  first  isolated  in  a  cal i ■ 
brated  volume  and  then  expanded  into  an  evacuated  16.3  liter  storage 
vessel.  Air  was  added  subsequently  until  a  pressure  of  about  800  torr 
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was  reached.  The  gas  mixture  was  kept  in  the  dark  and  heated  to 
100°C  to  prevent  losses  of  formaldehyde  by  polymerisation.  The 
formaldehyde  content  of  the  mixture  was  checked  at  the  beginning 
of  each  photolysis  experiment  by  withdrawing  a  sample  with  a 
syringe  through  a  gas-tight  silicone  septum  and  injecting  it  into 
the  port  of  a  gas  chromatograph  equipped  with  a  flame  ionisation 
detector  (lower  detection  limit  0.5  ppmv  of  Ch^O).  The  amount  of 
formaldehyde  present  was  always  found  to  be  in  agreement  with  that 
calculated  from  the  mixing  procedure. 

The  photolysis  cells  were  made  of  quartz.  The  internal  photo¬ 
lysis  space  was  cylindrical,  10  cm  in  length,  1.0  cm  in  diameter. 

The  cells  were  provided  with  a  jacket  for  a  cooling  fluid  and  dual 
windows  with  evacuated  intermediate  space  on  each  end  to  reduce 
frosting.  A  slight  amount  of  heating  of  the  outer  windows  was  found 
necessary  to  achieve  a  complete  frostfree  operation.  Cooling  fluids 
and  tnermostatting  was  similar  to  that  described  in  the  previous 
section.  Two  cells  were  used  in  parallel.  One  served  as  the  photo¬ 
lysis  cell  proper,  the  other  as  a  blanc  cell.  At  the  beginning  of 
a  run,  both  cells  were  filled  with  formaldehyde-air  mixture  via  a 
set  of  solenoid  switching  valves  in  the  arrangement  shown  in  Fig. 3. 
The  set-up  allowed  the  direct  transfer  of  gases  from  the  sample  cells 
to  a  gas  chromatograph  equipped  with  a  nickel  catalyst  which  converts 
carbon  monoxide  to  methane  for  the  subsequent  detection  by  flame 
ionization.  Only  a  few  runs  were  made  using  this  procedure,  mainly 
because  it  did  not  allow  the  measurement  of  the  photolysis  product 
hydrogen.  In  the  majority  of  experiments  samples  were  withdrawn  from 
the  photolysis  cell  by  means  of  a  gas-tight  syringe  whose  needle  was 
inserted  into  the  photolysis  cell  via  a  silicone  septum.  The  gas 
sample  was  then  injected  into  the  entrance  port  of  the  H2  and  CO 
analyzer  to  be  described  below.  Transfer  of  sample  to  the  gas 
chromatograph  was  used  also  to  check  on  the  formation  of  products 
other  than  CO  and  H2,  such  as  formic  acid,  but  none  were  found. 

The  schematics  of  the  CO/F^-analyzer  is  shown  in  Figure  4.  For 
the  present  purpose  a  discontinuous  operation  is  appropriate.  A 
stream  of  C0/H2  free  air  is  flowed  via  an  injection  port  into  a 
molecular  sieve  column  where  hydrogen  and  carbon  monoxide  are 
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separated,  then  into  a  mercury  oxide  converter  heated  to  250°C. 

Here  CO  and  undergo  reaction  1  i beating  elementary  mercury 
which  is  then  detected  by  253.7  nm  resonance  absorption  in  an 
optical  cuvette.  The  signal  derived  from  a  photo-cell  is  com¬ 
pared  to  a  reference  signal,  amplified,  and  recorded.  A  typical 
recorder  output  is  shown  in  Figure  5.  The  instrument  is  cali¬ 
brated  with  mixtures  of  CO  or  H2  in  air,  prepared  by  dynamic 
dilution  methods.  Compressed  air  stored  in  steel  cylinders, 
carefully  selected  to  contain  carbon  monoxide  and  hydrogen  at 
mixing  ratios  of  about  200  and  500  ppbv,  respecti vely,  were  used 
as  secondary  standards.  These  mixtures  were  found  to  be  stable 
over  extended  periods  of  time.  They  were  used  to  check  upon 
instrument  calibration  each  time  a  photolyzed  mixture  was  ana¬ 
lysed. 

Experimental  Results 

(a)  Absorption  cross  sections 

Spectra  were  measured  for  two  slit  settings  providing  wave¬ 
lengths  resolutions  of  0.5  nm  and  5  nm.  Absorption  cross  sections 
for  the  former  setting  were  used  in  the  calculation  of  photodisso¬ 
ciation  coefficients. Cross  sectionsfor  the  latter  resolution  were 
required  in  conjunction  with  the  photolysis  experiments  for  the 
calculation  of  quantum  yields. 

Figure  6  shows  the  absorption  spectrum  of  formaldehyde  obtained 
at  0.5  nm  resolution  for  two  temperatures,  room  temperature  and  210  K • 
There  are  no  noticable  differences  in  the  two  spectra,  so  that  from 
visual  inspection  the  effect  of  temperature  must  be  small.  It  is  clear 
that  the Oligh  resolution)  rotational  intensity  distribution  must  change 
with,  temperature,  but  the  change  does  not  seem  to  be  great  enough  to 
affect  significantly  the  shape  of  the  bands  observed  here  with  rather 
modest  resolution.  Absorption  cross  sections  were  derived  from  the 
maxima  of  the  bands  of  spectra  obtained  at  four  different  temperatures, 
using  the  relation  (S'  =  D  (log  10)/nL  where  D  =  log^°I0/I  is  the 
decadic  extinction  recorded,  L  is  the  cell  length,  and  n  =  2.69-10^. 
273.2  p/760  T  with  the  pressure  p  given  in  torr  and  the  temperature  T 
in  Kelvin.  The  linearity  of  extinction  with  pressure  was  checked  for 
a  few  bands  and  was  found  satisfactory.  A  working  pressure  of 
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about  10  torr  was  then  chosen  in  the  determination  of  absorption 
cross  sections.  Four  sets  of  cross  section  data  obtained  at  214.6  K 
are  given  in  Table  1  to  indicate  the  reproducibility  of  the  data. 

The  standard  deviation  indicates  a  precision  of  about  two  percent. 

Data  obtained  at  various  temperatures  in  the  range  211  -  362  K  are 
compiled  in  Table  2.  The  results  are  also  plotted  in  Figures  7  and  8 
for  the  41  and  43  band  progressions.  Inspection  of  the  data  shows 
that  for  most  bands  the  absorption  cross  sections  are  not  affected 
much  by  temperature,  while  for  some  bands  the  cross  sections  in¬ 
crease  by  a  few  percent  when  the  temperature  is  decreased  from  362 
to  211  K.  The  percentage  is  indicated  on  the  right  hand  side  of 
Figures  7  and  8.  Even  for  these  data  the  change  is  sufficiently 
small  in  most  cases  to  be  negligible  to  a  first  approximation. 
Exceptions  occur  with  the  bands  4  ,  2  4,  4  and  particularly  with 
the  unresolved  combination  of  2^4^  +  2^4^  bands.  It  appears  that  an 
appreciable  trend  with  temperature  is  established  only  for  about  7 
bands  out  of  31.  Since  even  for  these  bands  the  percentage  change 
for  temperatures  between  300  and  310  K  is  less  than  20%,  we  consider 
it  justifyable  to  neglect  it  for  the  purpose  of  calculating  photo¬ 
dissociation  coefficients. 

Data  at  temperatures  above  room  temperature,  although  not  re¬ 
quired  by  contract,  were  taken  mainly  because  our  previous  photolysis 
data  relied  on  cross  section  measurements  at  70°C.  This  temperature 
was  chosen  to  eliminate  a  conceivable  polymerisation  of  formaldehyde 
on  the  walls  of  the  absorption  cell  and  to  permit  high  vapor  pressures 
of  H2CO.  The  70°C  results  were  then  applied  in  the  derivation  of 
quantum  yields  at  room  temperature.  This  procedure  becomes  question¬ 
able,  if  the  effective  cross  sections  were  strongly  temperature- 
dependent.  The  present  results  allay  such  fears  and  show  that  the 
previous  procedure  was  entirely  justified. 

We  must  stress  that  the  absorption  cross  sections  given  here  are 
effective  absorption  cross  sections.  A  resolution  of  0.5  nm  is  too 
coarse  to  reveal  the  distribution  of  rotational  lines  contained  within 
an  absorption  band.  The  calculated  absorption  strength  thus  averages 
over  many  rotational  lines  and  the  regions  of  minimal  absorption  in- 
between.  For  the  evaluation  of  photodissociation  coefficients  one 
would  have  to  take,  in  principle,  the  absorption  cross  sections  and 


quantum  yields  for  each  rotational  line  and  then  sum  over 
all  lines.  Such  a  detailed  knowledge  is  beyond  present  experi¬ 
mental  capabilities,  and  if  it  were  available  from  laboratory  meas¬ 
urement  it  could  not  be  applied  because  the  intensity  distri¬ 
bution  of  the  solar  spectrum  is  not  sufficiently  resolved.  The 
techniques  applied  here  provide  integral  values  for  a  number  of 
coarse  wavelength  intervals  emphasizing  the  principal  bands  of 
formaldehyde. 

For  reasons  of  providing  sufficient  intensity,  the  photo¬ 
lysis  experiments  were  done  with  a  coarse  spectral  resolution  of 
5  nm.  At  this  resolution  the  spectrum,  shown  in  Figure  9,  consists 
of  nine  broad  bands.  Absorption  cross  sections  effective  for  these 
conditions  are  required  in  the  calculation  of  quantum  yields.  In 
contrast  to  the  data  described  above,  the  results  obtained  at  5  nm 
resolution  indicated  a  pressure  effect  for  some  of  the  bands  - 
both  at  room  temperature  and  at  low  temperatures  -  in  that  the 
absorption  cross  sections  decreased  with  increasing  pressure  of 
formaldehyde.  The  magnitude  of  the  effect  is  shown  in  Figures  10 
and  11  for  data  obtained  at  298  K,  and  in  Figures  12  and  13  for 
data  obtained  at  220  K.  Experiments  were  performed  both  for  pure 
formaldehyde  and  for  formaldehyde  with  about  500  torr  of  nitrogen 
added . 

The  variation  of  absorption  cross  sections  with  pressure  for 
spectra  characterized  by  band  structure  is  a  well  known  instrumental 
effect  resulting  from  inadequate  spectral  resolution.  At  low  pressures, 
only  the  centers  of  the  rotational  lines  are  attenuated,  while  with  in¬ 
creasing  pressure  also  the  wings  contribute  with  lower  c^oss  sections 
so  that  the  spectral  average  cross  section  decreases  as  the  pressure 
is  raised.  What  seems  to  be  surprising  is  the  smoothing  effect  of 
nitrogen  when  added  as  a  buffer  gas.  In  the  presence  of  400-600  torr 
of  nitrogen,  the  cross  sections  vary  much  less  with  the  partial 
pressure  of  formaldehyde.  The  cause  of  this  effect  is  probably  a 
pressure  broadening  of  the  rotational  lines,  whereby  the  sharpness 
of  the  lines  is  diminished,  so  that  the  magnitude  of  the  pressure 
effect  is  reduced. 

Formaldehyde  partial  pressures  used  in  the  photolysis  experiments 
are  much  lower  than  those  employed  in  measuring  absorption  cross 
sections  (<0.076  torr  compared  to  5-20  torr).  Hence,  it  is  necessary 
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to  extrapolate  the  measured  cross  sections  toward  zero  pressures. 

It  can  be  seen  from  Figures  10-13  that  the  data  obtained  with  and 
without  nitrogen  addition  extrapolate  to  the  same  zero  pressure 
cross  sections.  The  cross  sections  thus  obtained  are  listed  in 
Table  3.  It  can  be  seen  that  the  difference  for  the  two  temperat¬ 
ures  is  small.  Hence,  averaged  values  were  employed  in  the  deter¬ 
mination  of  quantum  yields. 

(b)  Quantum  yields 

The  mixing  ratios  of  carbon  monoxide  and  hydrogen  which  are 
observed  in  the  sample  taken  from  the  photolysis  cell  at  the  end 
of  a  photolysis  run  are  given  by 

m  (CO)  =  i  (C0)Iabs/n(M)V 

m  (H2)  =  0  (H2)Ia5s/n(M)V 

where  d  (CO)  and  0  (H2)  are  the  quantum  yields  of  CO  and  H2  pro¬ 
duction,  respectively,  Iabs  is  the  total  number  of  photons  absorbed 
by  formaldehyde  during  the  photolysis  run,  n(M)  is  the  total  number 
density  of  all  molecules  present  in  the  cell  which,  due  to  the  small 
contributions  of  CH20,  CO  and  H2  is  essentially  that  of  air,  and  V 
is  the  total  volume  of  the  cell.  The  number  of  absorbed  photons  is 

give"  by  ^  ,  I()  (Teff„(CH20)A  L  At 

where  I0  is  the  photon  flux  inside  the  photolysis  cell,  A  is  the  area 
of  the  light  beam  illuminating  the  cell,  L  is  the  length  of  the  cell 
and  At  is  the  time  period  of  photolysis.  The  number  density  of  air 
molecules  can  be  approximated  by 

n(M)  =  2.68  •  1019(p/760) (273.16/T) 

where  the  pressure  p  is  given  in  torr  as  measured,  and  the  temperature 
T  is  taken  in  degree  Kelvin.  The  determination  of  quantum  yields  thus 
requires  the  measurements  of  the  CO  and  H2  mixing  ratios,  the  pressure 
and  temperature  in  the  cell,  the  light  flux  and  the  duration  of 
a  photolysis  run.  The  mixing  ratio  of  formaldehyde,  the  quantities  A, 
L,  V  and  are  auxiliary  parameters  which  were  determined  inde¬ 

pendently.  The  light  flux  was  measured  with  the  thermopile  detector 
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in  the  rear  of  the  photolysis  cell  and  corrected  for  attenuation 
by  the  quartz  windows  which  was  10%  total  so  that  a  5%  higher 
photon  flux  existed  inside  the  cell  compared  with  that  measured 
behind  it. 

The  complete  results  obtained  from  the  photon  decomposition 
experiments  and  the  quantum  yields  deduced  from  each  run  are 
listed  in  Table  4.  We  consider  first  the  ratios  of  hydrogen 
versus  carbon  monoxide  produced.  Averaged  values  obtained  for 
the  two  temperatures  employed  are  shown  in  Figure  14  as  a  function 
of  wavelength.  Our  previously  published  data  (Moortgat  and  Warneck, 
1979)  are  also  shown  for  comparison.  Comparison  of  the  data  indi¬ 
cates  that  the  influence  of  temperature  on  the  0(H2)/0(CO)  ratio 
is  essentially  negligible.  The  present  values  for  both  temperatures 
are  somewhat  higher,  however,  than  the  previous  data.  At  wave¬ 
lengths  greater  than  340  nm,  a  ratio  of  unity  is  expected  because 
the  decomposition  of  CH20  into  H2  and  CO  is  the  only  energetically 
allowed  process.  The  present  data  approach  the  expected  ratio  of 
unity  whereas  the  previous  data  do  not.  This  problem  had  been  dis¬ 
cussed  and  calibration  errors  were  considered  the  most  likely 
cause  for  it.  It  appears  that  the  calibration  error  has  now  been 
removed,  although  the  procedures  applied  were  the  same  as  previous¬ 
ly. 

Figures  15  and  16  show  the  absolute  quantum  yields  obtained 
for  CO  and  H2  versus  wavelengths.  Below  330  nm  essentially  no  pressure 
effect  was  observed  and  data  from  all  runs  were  taken  to  compute 
the  averages  shown.  Above  330  nm, where  quenching  is  known  to  occur, 
only  the  data  points  obtained  with  pressures  near  one  atmosphere 
were  averaged  and  entered  in  the  figures.  The  CO  quantum  yield 
in  the  spectral  region  280-330  nm  is  unity,  on  average,  regardless 
of  temperature.  The  decrease  of  quantum  yields  to  values  below 
unity  observed  previously  in  the  region  280-290nm  has  not  been 
substantiated.  The  previous  data  points  were  few,  however,  and  in 
addition  the  available  light  intensities  are  now  much  higher  whereby 
errors  are  decreased.  Below  280  nm,  also  the  present  experiments 
indicate  a  decline  of  the  CO  quantum  yield.  The  scatter  in  the 
data  points  is  much  greater  here  than  at  other  wavelengths,  in¬ 
creasing  the  uncertainty  of  the  results.  Both  the  decline  of 
intensity  and  H2C0  cross  sections  contribute  to  greater  errors. 


The  somewhat  lower  results  obtained  at  220  K  are  also  attributed  to 
measurement  uncertainties.  The  H2  quantum  yields  are  in  very  good 
ageement  with  the  results  of  Horowitz  and  Calvert  (1978),  but  slight¬ 
ly  higher  than  our  own  data  particularly  at  wavelengths  below  290  nm 
for  the  reasons  discussed  above. 

The  CO  (and  H£)  quantum  yields  at  wavelengths  greater  than  330  nm 
obtained  at  300  K  and  atmospheric  pressure  are  in  good  agreement  with 
the  data  of  Moortgat  and  Warneck  (1979).  The  pressure  dependence  was 
investigated  and  found  to  agree  with  the  previous  measurements.  Figure 
17a  shows  a  Stern-Volume  plot  of  V0  (CO)  versus  p  to  demonstrate  this 
point  for  the  data  at  353  nm.  The  quenching  constant  obtained  from  the  least 
square  fit  (solid  line),  0(  =  (3.61^0.55)  *  10'3  torr-1  may  be  compared 
with  that  given  previously,  0(  =  3.5  •  10”^  torr-1.  At  the  lower  temperat¬ 
ure  of  220  K  the  quantum  yields  at  atmospheric  pressure  at  340  and  353  nm 
are  markedly  lower,  as  Figures  15  and  16  show.  A  similar  Stern-Volume 
plot  for  0(CO)  at  353  nm  is  shown  in  Figure  17b.  The  least  square  fit 
results  in  a  higher  quenching  constant  of  0( =  (10.8  t  2.6)1 0“^  torr'1. 

Thus,  the  quenching  constant  depends  on  temperature.  Partially,  the 
temperature  dependence  arises  because  lowering  the  temperature  increases 
the  number  density  of  the  gas  mixture  at  constant  pressure.  This  effect 
can  be  taken  into  account  by  defining  the  quenching  constant  in  terms 
of  number  density  instead  of  pressure, 

=  (  760  x  T  /  2.68  x  273)  <*P 

which  gives  =  1.12  '  10"^  cm^/molecule  at  300  K  and  o(n  =  2.47  •  10"^ 
cm^/molecule  at  220  K.  The  influence  of  temperature  on  the  quenching 
probably  enters  on  account  of  vibrational  and  rotational  excitation  of 
the  formaldehyde  molecule  which  becomes  enhanced  with  higher  temperatures 
and  favors  the  dissociation  channel  competing  with  the  quenching  process. 

Finally,  the  quantum  yield  0^  for  the  process  CH20  +  hv  — *  H  +  HC0 
can  be  obtained  from  the  relation  =  0(CO)(1-R)  where  R  is  the  0(H2)/0CO 
ratio.  Similarily,  the  quantum  yield  02  for  process  H2C0  +  hv  =  H2+C0  is 
derived  from  02  =  0(CO)-  R.  We  assume  that  0(00) =  1  between  295  and  327  nm. 
The  results  are  shown  in  Figures  18  and  19  . 
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Photodissociation  Coefficients 


The  photodisssociation  coefficient  for  formaldehyde  is  defined 
as  the  integral 

J(z,X)  - yicX,z)tf(X,z)F(X,z,X)  d\ 

AX 

where  0  is  the  quantum  yield,  the  absorption  cross  section,  and  F 
the  solar  photon  flux,  all  as  functions  of  the  wavelength  and  alti¬ 
tude  z.  The  solar  flux  is  in  addition  dependent  on  the  zenith  angle  X. 
The  absorption  cross  sections  may  be  taken  as  independent  of  z  since 
the  experimental  data  indicate  an  almost  negligible  effect  of  tempera¬ 
ture  and  pressure.  The  quantum  yields  are  fairly  independent  of  tem¬ 
perature  at  wavelengths  less  than  330  nm.  At  wavelengths  above  330  nm 
there  is  a  dependence  on  temperature  but  a  much  greater  independence 
on  pressure  which  must  be  taken  into  account.  Here,  the  quantum  yield 
can  be  assumed  to  obey  the  Stern  Volmer  equation 


*(X.P)  =  1/(VMX(X)P) 


where  p  is  the  pressure  and#  (A)  is  the  quenching  constant.  If  0A(X) 
is  the  quantum  yield  of  CO  at  atmospheric  pressure,  the  quenching 
constant  is  given  by 

1  1  -  <A(X) 

3aT  W 


<*(X)  = 


and  0j(X)  can  be  approximated  from  the  experimental  data  as 

0A(X)  =1-6  -T~VT~> 

A!  A0 


where  XQ  =  329  nm,  X]  *Xo  =  355-329  =  26  nm  and  8=1-  0^(355)  = 
0.74  as  measured.  The  temperature  effect  of  quenching  was  not  yet 
taken  into  account  in  this  calculation.  The  CO  quantum  yield  in  the 
spectral  region  329-360  nm  is  then  given  by 


0(CO)  =  0{\,p)  =  +(P/PA)(1  -  0A(X))/  0A(X)] 


The  two  basic  routes  of  formaldehyde  photodecomposition  in  air 

are  (1)  HCHO  +  hv  — ♦  H  +  HCO  2  HO*  +  CO 

— 9-  Hz  +  Co 


The  associated  quantum  yields  are  0^  and  0 2*  From  the  experimental 
data  they  are  given  by 

0,  =  0{CO)  -  0{H2)  =  0(CO)(l -R(X)) 

02  =  0(H2)  =  0(CO)  R(X) 

with  R(A)  =  0(H2)/0(CO) 

The  calculation  of  the  corresponding  photodissociation  coefficients 
J1  and  J2  made  use  of  R(X)  in  conjunction  with  the  CO  quantum  yield 
given  above.  The  quantum  yields  used  in  the  calculations  are  given 
in  Table  5.  They  are  close  but  not  identical  with  the  quantum  yields 
which  resulted  from  the  final  evaluation  of  experimental  data  which 
were  deduced  from  Figures  14  and  15  and  are  also  presented  in  Table  5. 
The  photodissociation  coefficients  calculated  with  the  preliminary 
data  are  not  expected  to  change  singnificantly  when  the  more  recent 
quantum  yields  are  incorporated. 


The  assumption  of  attenuation  of  the  solar  flux  in  the  Earth's 
atmosphere  solely  by  absorption  leads  to  the  generalized  Beer's  law 


F(A,z,X)  =  F0 (X) exp (-sec  x/Ztf(X)ni(z)dz 


where  FQ(X)  is  the  incident  flux,  X  the  zenith  angle  and  the  summation 
must  include  all  important  absorbers  of  index  i  with  number  densities 
n-j(z)  as  a  function  of  altitude.  At  wavelengths  above  240  nm  the  major 
absorbers  are  ozone  and  nitrogen  dioxide.  Their  number  densities  and 
absorption  cross  sections  were  taken  from  Luther  and  Gelinas  (1976). 

With  increasing  penetration  into  the  atmosphere,  the  direct  solar 
radiation  suffers  Rayleigh  scattering  (to  some  extent  also  particulate 
scattering  which  is  neglected  here).  Scattering  diminishes  the  direct 
radiation  flux,  but  at  the  same  time  it  gives  rise  to  a  second  contri¬ 
bution  Fsc(z)  to  the  total  radiation  field  which  reaches  the  point  of 
consideration  from  all  directions,  so  that  Fsc(z)  represents  an  inte¬ 
gral  over  the  scattered  radiation  from  all  angles.  Luther  and  Gelinas 
(1976)  have  made  a  complete  study  of  the  effect  of  scattering  on  the 
photodissociation  coefficient  of  several  molecules,  using  radiation 
transfer  theory.  Isaksen  et  al  (1976)  have  used  a  simplified  approach 
noting  that  scattering  is  more  pronounced  in  the  direction  of  incoming 
solar  radiation  than  in  all  other  directions,  and  they  have  taken  half 
of  the  scattering  to  occur  forwards,  the  other  half  backwards.  For  five 
orders  of  scattering,  the  results  were  found  to  agree  substantially  with 


those  obtained  by  Luther  and  Gelinas. 

In  the  present  program  the  approach  of  Isaksen  et  al  (1976)  was 
adopted.  It  allows  for  the  assumption  of  a  surface  albedo,  for  which 
the  value  0.3  was  assumed.  Solar  flux  data  were  taken  from  Ackerman 
(1974).  The  data  are  given  for  37  wavelength  intervals  in  the  region 
230-382.5  nm.  The  formaldehyde  spectrum  was  subdivided  into  429 
equidistant  wavelength  intervals  covering  the  wavelength  range 
240.8-361  nm.  The  cross  section  for  each  interval  was  folded  with 
the  corresponding  quantum  yields  taken  from  Table  5,  and  the  light 
flux  computed  for  the  coarser  wavelength  intervals  according  to 
Ackerman,  and  the  sums  of  the  individual  terms  were  calculated.  The 
calculating  routine  starts  at  55  km  and  then  moves  downward  kilome¬ 
ter  by  kilometer  until  it  reaches  ground  level. 

Calculated  photodissociation  coefficients  are  given  in  Table  6 
and  Figure  20  for  three  zenith  angles:  30,  50  and  70  degrees.  The 
increases  of  the  photodissociation  coefficients  with  altitude, 
apparent  from  Figure  20  are  due  to  a  combination  of  effects:  (a) 
increasing  light  intensity,  caused  in  the  troposphere  by  an  in¬ 
creasing  contribution  of  backscattering,  and  in  the  stratosphere 
by  the  increasing  availability  of  UV  radiation  below  300  nm;  and 
(b)  the  pressure  effect  at  wavelengths  above  330  nm  whereby  the 
quantum  yield  increases  as  the  pressure  drops.  The  individual 
quantum  yields  for  the  two  photolytic  pathways  are  of  similar 
size  near  ground  level  and  at  the  top  of  the  stratosphere.  In  the 
middle  atmosphere  J2  -is  greater  than  J^,  because  here  the  pressure 
effect  in  the  long-wavelength  domain  increases  the  production  of 
H2  with  altitude  while  the  contribution  of  formaldehyde  decompo¬ 
sition  in  the  spectral  region  below  300  nm  does  not  yet  take  hold. 

It  should  be  re-emphasized  that  the  photodissociation  coeffi¬ 
cients  given  here  must  be  considered  preliminary.  In  the  future, 
it  will  be  necessary  to  incorporate  the  temperature  effect  at 
wavelengths  greater  than  330  nm  when  computing  formaldehyde 
photodissociation  coefficients.  An  appropriate  investigation  will 
be  started  as  soon  as  our  computing  facility  which  has  suffered 
a  temporary  breakdown  is  restored.  The  influence  which  the  tempera- 
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ture  might  have  on  the  quantum  yields  at  wavelengths  below  290  nm 
can  then  also  be  explored. 
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288,96 

2351+112341 

4,411 

18 

284,93 

2641 

5,659 

19 

282, o5 

122343 

1 ,49o 

2o 

28o,51 

2451 

3,152 

21 

277,1 1 

2643 

2,641 

7  2 

276,17 

274^ 

2,679 

23 

272,o9 

2551+1 12443 

1,889 

269,28 

7V 

1,175 

25 

268,11 

2S41 

1,383 

26 

264,17 

265  1 

1 ,  o27 

6262CX 


6263CX 


6264CX 


0  •  1o 


-20 


a  • io“2° 


2,716 

2,369 

5,693 

4,922 

6,052 

1,836 

6,417 

7,282 

1,576 

4,oo2 

5,7o7 

8, 1  ol 

2,186 

4,975 

8,782 

1,954 

4,448 

5,715 

1 , 5o9 


2,648 
2,331 
5,  644 
4,882 
6,973 
1,781 
6,335 
7,182 
1 , 51o 
3,935 
5, 7o3 
8,oo3 
2,138 
4,874 
8 , 7o8 
1,92o 
4,441 
5,642 
1,486 
3, 14o 
2,634 
2,673 
1,896 
1,181 
1 ,4o2 
1 ,  o26 


2 , 67o 
2,299 
5,647 
4,863 
6,955 
1,795 
6,348 
7,227 
1,572 
4,o1  9 
5,833 
8,121 
2 , 22o 
4,976 
8,743 
1,942 
4,457 
5,693 
1 ,5o7 
3,155 
2 , 7o8 
2,755 
1,94o 
1,222 
1,456 
1  ,o84 


2,669  —  o,o34 
2,326  i  o,o32 
5,651  i  o,o31 
4,888  1  o,o25 
6,938  t  o,o58 
1 ,822  i  o,o41 
6,378  i  o,o43 
7,228  i  o,o41 
1,578  -  o,o5B 


3,985  i  o , o3 1 


5,737  1  o,o64 


8,o72  i  o,o52 


2,188  t  o,o36 


4,934  i  o,o5o 


8,722  t  o,o55 


1,945  -  o,o19 
4,439  -  o,o2o 
5,677  -  o,o33 
1 ,498  -  o,o12 
3,172  “  o,o45 
2,674  t  o,o43 
2,72o  t  o,o51 
1,919  i  o,o33 
1 . 2o5  t  o.o33 


o 

T  K 

BBS 

214,6 

26o,  3 

264,6 

277,5 

T  °C 

-62 

-58,6 

-12,9 

-8,6 

4,3 

29,3 

p  Torr 

12,1-0,3 

1n,0±o,7 

10,6^0,5 

11 ,1*0,4 

10,8^0,5 

Code  Nr. 

613CX 

626, 1-4CX 

627 1 C  X 

6265aCX 

5314CX 

6123CX 

0.  1o'2° 

n  -l  ”2o 
0.  1  o 

n  t  ~2o 
0 . 1  o 

0. 1o“2° 

0 , 1 o“2° 

0.1  o_2° 

1 

2,739 

2,519 

2,647 

2,49o 

2 , 4o7 

2 

2,381 

2,152 

2 , 3o6 

2 , 22o 

2,157 

3 

5,678 

5,651 

5,535 

5,575 

5,49o 

5,388 

4 

4,856 

4,888 

4,721 

4,835 

4 , 82o 

4,617 

5 

6,972 

6,983 

6,951 

7 ,  o91 

7,  ol  o 

6, 9o5 

6 

1,796 

1,822 

1,775 

1,819 

1 , 7oo 

1,726 

7 

6,258 

6,378 

6,169 

6,318 

6 ,4  8o 

6,485 

9 

7,129 

7,228 

7 ,  o56 

7,158 

7, 1  8o 

6,753 

9 

1,414 

1,578 

1,292 

1,533 

1 ,63o 

1.521 

1  0 

3,854 

3,985 

3,589 

3 , 84o 

3, 8?o 

3,688 

1 1 

5,644 

5,737 

5,463 

5,721 

5 , 32o 

5,687 

12 

7,777 

8,o72 

7,655 

7,871 

7 , 73o 

7,574 

13 

2 ,  o2  1 

2,188 

1,955 

2 , 28o 

2 , 2oo 

2,o29 

14 

4,786 

4,934 

4,533 

4,758 

4,7  6o 

4,534 

15 

8,585 

8,722 

7,859 

8 ,  o4o 

8,o3o 

7,561 

16 

1,863 

1,945 

1,735 

1 , 9o9 

1 ,81o 

1,896 

17 

4 , 28o 

4,439 

3,972 

4,186 

3 , 99o 

4 ,  o63 

18 

5,593 

5,677 

5 ,  o67 

5,294 

5,o2o 

5,o43 

19 

1,391 

1,498 

1,322 

1,458 

1,504 

1,539 

2o 

3,  1o3 

3,172 

2,831 

2,917 

2 , 89o 

2,864 

21 

2 , 6o4 

2,674 

2,434 

2,542 

2,524 

2,477 

22 

2,643 

2 , 72o 

2,368 

2,432 

2,463 

2 , 37o 

23 

1,951 

1,919 

1 , 76o 

1,766 

1,815 

1,773 

24 

1,111 

1 ,2o5 

1 , 080 

1 ,  o5 1 

1,114 

1,118 

25 

1,332 

1,419 

1 , 2o8 

1 ,24o 

1,278 

1,278 

• 

VC 

(SI 

o,999 

1 ,  o57 

o,976 

o,952 

0,986 

0,983 

Spectral  resolution:  o,5  nm 


Table  2  (continued) 


IHRBH 

0. 1o"2° 

7,75 

2,4  86 

7,78 

2,169 

7,7  8 

5,549 

7,78 

4,777 

7,83 

7,1  9* 

7,88 

1.777 

7,93 

6, 96o 

7,93 

7,335 

7,98 

1 ,48o 

7,98 

3,776 

8 ,  o3 

5, 7o1 

8 ,  o3 

7,875 

8 ,  o3 

2,129 

8 ,  o3 

4,529 

8 ,  o3 

7,569 

8 ,  o3 

1,831 

8 ,  o3 

3 , 96o 

8 ,  o3 

4,962 

8,  o3 

1,525 

7,  98 

2,723 

7,98 

2 , 4o6 

7,98 

2,269 

7,3-3 

1,736 

7,93 

1 , 142 

7,93 

1,251 

7,88 

o,984 

27,3 


6127CX 


[TorrjO.  lo  0 


1,21  2 , 4  o7 

II, o7  2,157 
:i,o2  5,388 

I  o,97  4,517 

o,92  ’  ,  'o5 

o,87  ,725 

o,77  5, 485 

0,77  6,757 

o,72  1,521 

o,72  3,688 

o,72  5,687 

0,67  7,574 

o,67  2 , o2S 

o,63  4,534 

o,63  7,561 

o,58  1,096 

o,53  4 , o63 

o,53  5,143 

o,48  1,5o1 

o,48  2,864 

o,43  2,477 

o,38  2 , 37o 

o,38  1,773 

o,33  1,118 

o,33  1,278 

o,28  d,983 


28,1 


6122CX 


0. lo"2 


5,13  2,423 

5,ofl  2,121 
5,o3  5,284 

4,98  4,76/ 

4,93  6,770 

4,89  1,762 

4,69  6,314 

4,39  7,829 

4,84  1,589 

4,79  3,781 

4,74  5,788 

4,74  7,611 

4,69  2,177 

4,69  4,614 

4,64  7,732 

4,64  1,944 

4,64  4,163 

4,59  5,158 

4,54  1,582 

4,54  2,936 

4,49  2,634 

4,49  2,535 

4,44  1 , 9o6 

4,44  1.17o 

4,39  1,334 

4,39  1 , o64 


6121CX 


3o .  5 


6125CX 


17.92  2,415 

17,82  2,172 

17,72  5,268 

17,63  4,589 

17,58  6,511 

17,43  '.699 

17,38  6,195 

17,33  6 , 77o 

17,33  1,498 

17,29  3,7o3 

17,24  5,795 

17,24  7 , 56o 

17,19  2 , 1 1 o 

17,14  4,591 

17, o9  7,673 
17, o4  1,923 
16,99  4 , 1  o5 

16, B9  5,167 

16,84  1,695 

16,84  2,952 

16,79  2,565 

16,79  2,5o5 

16, 7o  1,872 
16,65  1,164 

16,65  1,3o6 

1 6 , 6o  1 , o34 


3,58 

2,185 

3;57 

1,OC-7 

3,555 

4,09- 

7,52 

4,2  68 

7,51 

6,416 

3 , 5o 

1  ,445 

3 , 5o 

6,126 

7,46 

6,664 

3,48 

1,395 

3,48 

3,226 

3,48 

4,725 

3,48 

6,599 

3,47 

1,665 

3,47  4 , o7 1 

1  A^  f\  A'ln 

3,44  1,764 

3,44 

3,559 

3,43 

4,296 

3,43 

1,457 

3,47 

2,492 

3,42 

2 , 1 6o 

3,42 

2,139 

3,41 

1,721 

3,41 

1 ,  1o5 

3,4o 

1,236 

3,4o 

o ,  98o 

Spectral  Resolution 


Table  2  (continued) 


316,6 

328,0 

341,3 

353,1 

362,2 

41,4 

54,3 

68,1 

8o,  o 

89,o 

11,1-0,4 

1  a , 7-o , 3 

1a,8-o,3 

1o,8-a,3 

1o , 6^0,3 

6212CX 

6213CX 

6214CX 

6215CX 

6216CX 

o 

CM 

•o 

T — 

• 

o 

0 . 1o“2° 

a. 1o“2° 

n  1  “2o 

a.  io 

a.io-20 

2 , 3  9o 

2,329 

2 , 3o4 

2,295 

1 ,94o 

1 ,97o 

2 ,  o78 

1,997 

2,116 

4 , 9oo 

5,116 

5,232 

5,  o53 

5,375 

4,432 

4 , 6o6 

4 , 6c6 

4,571 

4 , 86o 

6,498 

6,523 

6,756 

6,555 

6,891 

1 , 6o7 

1,715 

1,776 

1,763 

1,862 

5,543 

6, 13o 

6,289 

6,169 

6,538 

6,561 

6,677 

6,91 1 

6,712 

7  ,  o85 

1,419 

1,423 

1,633 

1,572 

1,579 

3,463 

3 , 5o3 

3,683 

3,537 

3,742 

5,384 

5,594 

5,832 

5,345 

6,  o49 

7, 1o6 

7,366 

7,518 

7,264 

7,638 

2 ,  o7o 

2 ,  o63 

2,164 

2, 1o2 

2, 3oo 

4,173 

4,272 

4,425 

4,244 

4,658 

7, 1o4 

7,216 

7 , 3o2 

7,  o94 

7,461 

2 ,  o36 

1-,  8  5o 

1,993 

1,977 

2 , 1  o2 

3,783 

3,882 

4 ,  o4o 

3,884 

4,o81 

4,686 

4,774 

4,831 

4,749 

4 , 9o5 

1,539 

1,562 

1 , 6o2 

1,586 

1,731 

2,736 

2,789 

2,863 

2,814 

2,874 

2,347 

2,478 

2 , 53o 

2,444 

2,568 

2,271 

2,299 

2,438 

2,283 

2,4o2 

1,718 

1,769 

1,833 

1,744 

1,848 

1 ,  o7o 

1 , 1  o3 

1 , 1 5o 

1,142 

1,154 

1 ,25o 

1 , 26o 

1,297 

1,238 

1,355 

0,971 

1  ,o5o 

1,o64 

1  ,o26 

1  ,o79 

Table  3 


Absorption  cross  sections  of  H^CD  at  5  nm  resolution  :  measurement 
at  22o  K  are  compared  with  data  obtained  at  29Q  K. 

Tne  data  are  extrapollated  at  zero  pressure. 


X  nm 

220  K 

290  K 

353.1 

1.11  x  1o"2° 

o.96  x  1o_2° 

339.3 

2.3o 

2.4o 

327.0 

3.37 

3.6o 

315.2 

4.6o 

4.52 

3o4.4 

4.24 

4.44 

294.9 

3.64 

3.40 

205.6 

2.9o 

2.46 

270.1 

1.97 

1.6o 

27o.6 

1.14 

1.00 

262.0 

0.66 

o.62 

253 

o.3o 

o.27 

244 

o.  1o 

o.  Id 

Table  4  A.  Experimental  conditions  and  quantum  yields  at  300  K, 


X 

P 

CH_0 

Jo 

abs 

t 

H2 

CO 

H2 

nm 

torr 

C. 

ppmv 

„  14  .  , 
1o3  ph/ 

cm  .sec 

11 

1o  ph/  sec 
sec 

ppbv 

ppbv 

CO 

LU 

253.0 

735 

99.3 

o.59o 

o.o95 

15612 

92.6 

158.5 

0.584 

0.483 

0.826 

652 

136.0 

0.581 

0.114 

8832 

81.7 

137.6 

0.523 

0.491 

0.939 

7o3 

129.3 

0.414 

o.o83 

513o 

29.3 

48.3 

0.606 

o.5o8 

0.838 

692 

125.9 

0.452 

o.o87 

9846 

5o.o 

79.2 

0.632 

0.426 

0.674 

757 

1o7.2 

0.443 

o.o79 

11913 

69.8 

96.7 

0.722 

0.588 

0.814 

Average 

0.613 

0.483 

0.818 

+ 

o.o73 

o.o71 

o.o95 

262.0 

699 

96.0 

1.2o9 

0.412 

1o95o 

337.5 

571.3 

0.591 

0.551 

0.932 

659 

145.3 

0.947 

o.46o 

10884 

3o3.4 

5o9.2 

0.596 

o.42o 

o.7o5 

682 

117.7 

o.725 

0.295 

8292 

183.2 

285.7 

0.641 

0.538 

0.839 

622 

111.0 

0.757 

0.265 

0172 

155.6 

24o.3 

0.647 

o.47o 

0.726 

Average 

0.619 

0.495 

o.Bol 

+ 

o.o29 

0.06I 

0.I06 

27o.6 

714 

1o2.7 

1.742 

1.o45 

6688 

535.4 

923.4 

o.58o 

0.559 

o.964 

672 

142.7 

1.492 

1.171 

5298 

372.1 

711.2 

0.523 

o.42o 

o.8o2 

675 

122.1 

1.3o6 

0.881 

5796 

317.7 

563.2 

0.564 

0.442 

0.784 

787 

114.8 

1.19o 

o.BBo 

5964 

3o9.5 

567.0 

0.546 

0.489 

O.B96 

Average 

0.553 

0.477 

0.862 

+ 

o.b25 

0.06I 

o.o84 

278.1 

724 

1o4.9 

2.322 

2.3o9 

4128 

465.3 

1162.1 

o.4oo 

0.372 

0.929 

667 

116.2 

1.553 

1.576 

4524 

419.4 

9o8.7 

o.461 

0.413 

0.895 

776 

111.0 

1.443 

1.627 

6738 

5o8.o 

1196.8 

0.424 

o.38o 

0.895 

Average 

0.429 

0.388 

0.906 

+ 

o.o31 

o.o22 

o.o2o 

285*6 

734 

I06.0 

2.61o 

4.077 

3744 

583.9 

1923.2 

o.3o4 

0.296 

0.974 

766 

164.0 

2.115 

5.347 

6324 

1193.8 

4o56.o 

0.294 

0.326 

0.967 

742 

132.6 

1.989 

3.939 

24o6 

395.9 

1179.7 

0.335 

0.326 

0.972 

767 

1o5.1 

1.712 

2.779 

3996 

43o.7 

1415.7 

o.3o4 

0.313 

1.o29 

Average 

o.3o9 

0.315 

0.985 

+ 

o.olS 

o.o14 

o.o29 

Table  4  A.  Experimental  conditions  and  quantum  yields  at  300  K. 


X 

P 

CHjD 

0 

abs 

t 

Hg 

CO 

2 

V 

nm 

torr 

£ 

ppmv 

lo^ph/ 

cm.aec 

11 

1o  ph/ 
sec 

sec 

ppbv 

ppbv 

CO 

LU 

294.9 

7o5 

1o4.7 

3.275 

6.885 

3732 

962.6 

3562.1 

o.27o 

0.278 

1.o29 

752 

131.4 

2.325 

6.543 

1734 

4o7.2 

1519.5 

0.268 

□.284 

I.060 

718 

12o.1 

2.o22 

4.967 

1728 

355.5 

1344.9 

0.264 

o.29o 

1.o99 

648 

117.1 

2.182 

4.713 

318o 

642.5 

2374.0 

0.271 

0.293 

I.080 

754 

166.1 

2.725 

9.716 

3936 

1392.0 

5242.8 

0.266 

o.29o 

1.o88 

Average 

0.268 

0.287 

1.o71 

+ 

o.oo3 

□.□□6 

□.□28 

3o4.4 

739 

158.7 

2.869 

12.227 

2784 

981.1 

4592.4 

0.214 

o.224 

1.o49 

723 

13o.2 

2.836 

9.7o4 

2196 

564.5 

2818.2 

o.2oo 

0.212 

I.006 

658 

118.3 

2.2o7 

6.243 

285o 

615.6 

26o6.4 

0.236 

0.226 

0.957 

781 

1o6.8 

1.2oo 

4.853 

48oS 

683.7 

29o3.6 

0.235 

0.258 

1.097 

765 

144.5 

1.258 

5.o55 

4572 

562.5 

2429.1 

0.232 

o.21o 

o.9o7 

Average 

□.223 

o.226 

1.oo3 

+ 

o.o16 

0.019 

o.o75 

315.3 

75o 

166.9 

2.819 

12.617 

2865 

1146.3 

47o2.3 

0.244 

o.242 

0.993 

753 

128.4 

1.187 

4.247 

4755 

7o5.2 

2539.2 

0.278 

0.297 

I.068 

616 

138.1 

1.343 

4.166 

3o75 

574.5 

2o75.2 

0.277 

0.311 

1.126 

25o 

58.6 

1.345 

o.73o 

966 o 

79o.o 

3o49.B 

0.259 

0.316 

1.22o 

Average 

0.264 

0.292 

l.lol 

+ 

□.□16 

0.034 

o.o96 

327.0 

715 

16o.2 

3.617 

12.2o7 

3o82 

2592.7 

4375.5 

0.593 

0.519 

0.875 

753 

115.8 

1.4o3 

3.6o6 

4668 

122o.3 

19o8.4 

0.639 

□.616 

0.963 

461 

1o7.4 

1.5oo 

2.189 

4o52 

999.4 

1648.1 

o.6o6 

0.586 

0.966 

633 

-14o.3 

1.5o6 

3.943 

34  08 

1385.8 

2111.6 

□.656 

0.736 

1.122 

213 

5o.3 

1.5o9 

0.477 

3924 

553.6 

941.2 

0.588 

□  .711 

1.2o8 

Average 

□.616 

0.634 

1.o27 

+ 

O.o3o 

o.o9o 

0.135 

339.3 

699 

16o.o 

5.268 

11.572 

3888 

3460.6 

3387.9 

0.979 

0.554 

□.566 

64o 

14o.6 

2.021 

2.411 

6444 

2o37.6 

2o85.8 

0.977' 

0.547 

o.56o 

Average 

0.978 

o.55o 

0.563 

+ 

o.oo2 

o.oo5 

o.oo4 

Table  4  A.  Experimental  conditions  and  quantum  yields  at  30Q  K, 


X 

nm 

P 

torr 

ch2o 

ppmv 

*o 

„  14  .  , 
1o3  ph/ 

cm  .sec 

abs  t 

11 

1o  ph/  sec 
sec 

H2 

ppbv 

CO 

ppbv 

Jk 

CO 

\ 

^CO 

353.1 

I  478 

1o5.3 

3.082 

1.333 

6963 

5o1.6 

51o.o 

0.983 

0.297 

o.3o2 

189 

39,o 

3.284 

2.039 

546o 

3o2.o 

273.5 

l.llo 

0.581 

0.524 

3o1 

57.7 

3.137 

0.455 

56o1 

4o2.1 

397.6 

1.033 

0.546 

0.529 

7o 

14.7 

3.383 

o.o27 

11841 

291.0 

296.4 

0.982 

0.711 

0.724 

113 

24.7 

3.381 

o.o74 

11526 

— 

358.5 

— 

~ 

0.534 

653 

152.9 

2.92a 

2.292 

1o377 

667.8 

798.7 

0.836 

o.2o7 

0.247 

585 

137.2 

2.571 

1.621 

7728 

372.7 

453.3 

0.931 

0.222 

0.239 

3o1 

71.2 

2.746 

0.462 

8217 

517.0 

548.3 

0.943 

0.546 

0.579 

IBo 

42.5 

2.8oo 

0.168 

1197o 

6o4.9 

618.1 

0.979 

o.6o9 

0.622 

255 

57.6 

2.926 

0.338 

1o768 

629.4 

7o9.1 

0.888 

0.497 

o.56o 

Average  0.965 
i  d.dSo 


Table  4  B.  Experimental  conditions  and  quantum  yields  at  22a  K, 


x 

P 

CH_0 

I 

0 

*abs 

t 

H2 

CO 

Jk 

«*H_ 

^rn 

nm 

tarr 

c 

ppmv 

,  14  u/ 
1o^  ph/ 

cm J. sec 

„  11  .  . 
1o  ph/ 

sec 

sec 

ppbv 

ppbv 

CO 

Hg 

LU 

27a. 6 

712 

18o.7 

0.493 

0.795 

4953 

162.4 

276.7 

0.587 

0.467 

0.757 

739 

175.9 

0.555 

0.914 

885o 

221.8 

483.3 

0.459 

o.31o 

0.676 

Average 

0.523 

0.388 

0.717 

+ 

o.o9o 

0.111 

o.o57 

278. 1 

721 

181.4 

0.642 

1.859 

4986 

295.6 

659.1 

0.448 

0.356 

0.794 

748 

182.6 

0.724 

2.164 

7884 

386.5 

1120.4 

0.345 

0.259 

0.752 

29a 

71.2 

0.666 

o.3o1 

5616 

96.2 

243.2 

0.395 

0.252 

0.638 

Average 

0.396 

0.283 

0.728 

+ 

o.o52 

O.o59 

0.08I 

285.6 

728 

168.0 

a.963 

3.9oo 

3831 

3o9.2 

968.0 

0.319 

0.237 

0.742 

73a 

184.7 

0.789 

3.492 

417o 

363.2 

1151.8 

0.315 

0.284 

o.9oo 

76o 

IBo.9 

□.866 

3.776 

6165 

489.4 

1797.9 

o.272 

0.241 

0.885 

43o 

Iod.7 

a.85o 

1.195  ' 

5484 

3oo.8 

1o36.7 

o.29o 

o.3o4 

1.o49 

Average 

0.229 

o.266 

0.894 

+ 

o.o22 

o.o33 

0.125 

294.9 

685 

62.5 

1.15a 

2.011 

5331 

297.2 

1132.4 

0.263 

0.278 

1.059 

737 

161.3 

1.242 

6.126 

3714 

434.2 

1915.8 

0.222 

0.217 

0.975 

741 

188.5 

a.956 

5.477 

3534 

5o4.8 

2o45.7 

0.247 

o.3oo 

1.216 

771 

188.5 

1.021 

5.921 

3681 

495.1 

2o69.9 

0.239 

0.265 

1.1o6 

386 

95.3 

1.138 

1.682 

4359 

367.1 

1382.6 

0.265 

0.294 

1.1o7 

685 

161.5 

1.o51 

4.638 

3o96 

386.8 

1667.7 

0.232 

o«279 

1.2o2 

Average 

0.245 

0.272 

1.111 

+ 

o.o17 

o.o3o 

o.o9o 

3o4.4 

7o4 

83.8 

1.358 

3.853 

6513 

48o.o 

2164.9 

0.222 

o.2o9 

0.943 

747 

166.5 

1.419 

. 8.549 

429o 

661.7 

3674.4 

o.2oo 

0.236 

1.178 

564 

129.0 

1.556 

5.396 

4866 

643.4 

3o75.6 

o.2o9 

0.214 

1.023 

261 

58.6 

1.551 

1.145 

5628 

29o.6 

1256.6 

0.231 

0.181 

0.781 

35o 

84.4 

1.226 

1.695 

2931 

234.6 

1oo3.7 

0.234 

0.251 

1.o76 

681 

168.8 

1.223 

6.481 

36oo 

425.6 

2555.7 

0.189 

0.186 

0.986 

Average 

0.213 

0.998 

0.213 

+ 

0.0I6 

0.134 

o.o27 

Table  4  B.  Experimental  conditions  and  quantum  yields  at  22o  K 


M 


X  P  CHO  1o  Iabs  t  H  CD  J^2_  *  0_n 

''  ^  14  11  c  ”2  “U 

nm  torr  ppmv  1o^  ph/  1o  ph/  sec  ppbv  ppbv  CO  ** 

cm  .sec  sec 


315.3 


327.0 


339.3 


728 

92.7 

1.244 

4.329 

4983 

516.2 

1878.1 

0.275 

0.269 

0.979 

713 

B2.o 

1.362 

4. 1o8 

4728 

5o5.2 

1844.8 

0.275 

0.288 

1.o46 

758 

174.0 

1.494 

10.356 

3348 

782.2 

3o69.8 

0.255 

0.269 

1.o56 

25o 

53.6 

1.66o 

1.15o 

4185 

385.1 

1250.6 

o.3o8 

o.31o 

I.006 

57o 

131.9 

1.655 

6.436 

5949 

1o99.1 

4243.0 

0.259 

0.253 

0.978 

672 

166.1 

1.3o7 

7.524 

2742 

375.4 

1692.7 

0.322 

a.274 

0.852 

Average 

0.282 

0.277 

0.986 

+ 

o.o27 

o.o2o 

o.o73 

668 

12o.2 

1.651 

5.o57 

3612 

1o35.9 

1549.9 

0.668 

0.591 

0.884 

611 

1aa.5 

1.712 

3.974 

2922 

915.5 

1327.7 

0.689 

0.744 

1.079 

6o1 

94.2 

1.732 

3.713 

3699 

1266.9 

1579.3 

o.8o2 

0.858 

1.069 

779 

185.8 

1.664 

9.269 

3321 

1435.4 

2329.3 

0.617 

0.572 

0.928 

65o 

15a.2 

1.57o 

5.819 

3939 

1699.3 

2488.5 

0.683 

0.748 

1.o95 

351 

72.9 

1.849 

1.787 

4257 

1047.4 

1457.2 

0.719 

0.746 

1.o39 

25o 

55.9 

1.833 

0.975 

4143 

791.5 

1161.5 

0.681 

0.762 

1.118 

Average 

0.694 

0.717 

1.o3o 

+ 

o.o57 

D.OlO 

o.o89 

657 

12o.4 

2.316 

4.7o5 

43o5 

947.6 

878.2 

1.079 

o.473+ 

0.438'' 

621 

1o8. 1 

2.439 

4.266 

4572 

1oo4.8 

903.6 

1.112 

o.5oo+ 

0.449'' 

679 

149.3 

1.9a8 

5.035 

5817 

1397.9 

1248.9 

1.119 

o.5o6+ 

0.452'' 

486 

93.4 

2.213 

2.622 

6957 

1859.0 

1567.4 

1.164 

0.724 

0.623 

3o5 

67.0 

2.228 

1.197 

7752 

1486.9 

1246.2 

1.193 

0.769 

0.645 

136 

29.7 

2.229 

0.234 

7884 

1o75.4 

882.0 

1.219 

1.249 

1.o24 

3o7  . 

73.3 

2.o6o 

1.172 

6285 

624.9 

649.3 

0.962 

0.394 

o.41o 

618 

145.9 

2.065 

4.678 

462o 

1299.7 

1255.2 

1.034 

o.559+ 

o.54oH 

Average 

1.110 

o.5o9+ 

o.5o8'1 

+ 

0.065 

o.o36 

o.o95 

+)  Average  for  atmospheric  pressure  only 


Table  4  B.  Experimental  conditions  and  quantum  yields  at  22o  K. 


X  p 

nm  torr 

CH_0  *o 

ppmv  lOj  ph/ 
cm  .sec 

*abs 

11 

1o  ph/ 
sec 

t 

sec 

H2 

ppbv 

CD 

ppbv 

Jk 

CO 

s 

*C0 

353.1  648 

12o.6 

•  3.331 

3.198 

43o5 

198.0 

183.6 

1.078 

0.143- 

0.133* 

314 

53.8 

3.44o 

0.727 

4458 

2o2.6 

194.4 

1.042 

o.3o5 

0.292 

439 

69.3 

3.468 

1.332 

37o5 

171.0 

158.6 

1.078 

0.238 

0.221 

689 

77.5 

2.655 

I.806 

5232 

143.7 

137.0 

1.o49 

o. 166+ 

o.158+ 

214 

45.4 

2.683 

0.329 

8364 

199.8 

176.0 

1.135 

0.245 

0.216 

689 

156.2 

2.694 

3.634 

6327 

17o.o 

178.3 

0.953 

o.o79+ 

o.o83* 

783 

191.4 

3.112 

5.676 

6882 

317.4 

276.9 

1.146 

o.o97+ 

o.o85* 

393 

1oo.7 

3.aa8 

1.476 

9537 

367.4 

352.2 

1.o43 

0.158 

0.151 

252 

61.6 

1 . 92o 

0.791 

83o7 

245.8 

2o6.8 

1.189 

0.311 

0.262 

61o 

145.1 

3.oo5 

3.238 

8361 

358.1 

363.7 

0.985 

o.122+ 

0.124* 

36o 

82.5 

2.967 

1.075 

3531 

42o.4 

419.1 

1.oo3 

0.278 

d.277 

Average 

1.o7o 

o.124+ 

0.117* 

+ 

o.o73 

o.d38 

o.o32 

+)  Average  for  atmospheric  pressure  only. 


Table  5 


Quantum  yields 


Prosisianal 
calculation 
Table  6 

data  used  for  the 
of  the  J-valuee  i 

Final  data  obtained  from 
evaluation  of  recent  results 
shown  in  Fig.  14  and  15. 

A 

(nm) 

H2 

R  =  -- 

CD 

0CO 

H2 

R  = 

L'U 

24  o 

a.69o 

o.71o 

o.63o 

o.67o 

245 

o.73a 

0.665 

o.67o 

0.665 

25a 

a. 77a 

a.67o 

o.7d5 

0.655 

255 

o.8a5 

o.64d 

0.745 

0.638 

26o 

o.84o 

o.62o 

o.78o 

0.618 

265 

0.875 

o.5Bo 

o.82o 

0.586 

27a 

o.91a 

o.54o 

0.860 

0.533 

275 

a. 935 

o.47a 

0.855 

o.457 

28o 

a. 96a 

0.415 

0.934 

o.37o 

285 

a.985 

a.35o 

0.963 

o.31o 

29o 

a. 995 

o.29o 

o.98o 

o.27o 

292 

l.ooa 

0.284 

0.987 

o.26o 

294 

l.oaa 

0.268 

0.992 

0.248 

296 

l.aaa 

0.254 

0.996 

0.237 

298 

1.000 

0.236 

I.DOO 

0.227 

3aa 

1.000 

o.23o 

1.000 

o.22o 

3a2 

l.aao 

0.214 

1.000 

0.218 

3o4 

1.000 

o.  198 

1.000 

0.217 

3a6 

1.000 

0.188 

I.DOO 

0.218 

3o8 

1.000 

0.184 

1.000 

0.222 

31o 

1.000 

o.  18o 

1.000 

o.23o 

312 

1.000 

a 

• 

CD 

4^ 

1.000 

o.24o 

314 

1.000 

a.2oo 

1.000 

o.26o 

316 

.  1.000 

a.23o 

1.000 

0.265 

318 

1.000 

0.265 

1.000 

0.322 

32a 

1.000 

a.315 

1.000 

o.38o 

322 

1.000 

0.375 

1.000 

0.448 

324 

1.000 

0.445 

1.000 

0.522 

326 

1.000 

a.52o 

I.DOO 

0.613 

Table  5  (continued) 


X 

(nm) 

0CO 

H 

R  =  -- 

CD 

0CO 

H2 

R  =  -- 
CO 

32a 

1.000 

0.505 

1.000 

o.72o 

33o 

r 

a.64o 

F 

0.625 

332 

F 

o.603 

F 

0.912 

334 

F 

0.726 

F 

0.950 

336 

F 

a.761 

F 

0.902 

330 

F 

a.706 

F 

0.995 

34o 

F 

0.312 

F 

1.000 

342 

F 

0.062 

F 

1.000 

344 

F 

0.036 

F 

1.000 

346 

F 

0.643 

F 

1.000 

348 

F 

0.054 

F 

1.000 

35o 

F 

0.065 

F 

1.000 

352 

r 

0.069 

F 

1.000 

354 

F 

0.071 

F 

1.000 

35G 

F 

o.075 

F 

1.000 

358 

F 

0.070 

F 

1  .  ODD 

36o 

F 

0.002 

F 

1.D00 

F  :At  wavelengths  larger  than 

329  nm, 

the  can  be  calculated  from 

the  following  i 

expression : 

0CO 
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P 

'l 

1 

PA 

*A 

where 

*A 

=  1  -  (3  ■ 

i 

>- 

a 
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<< 

PA 

=  76o  torr 
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Figure  5.  txample  for  the  output  obtained  with  the  CD  /  H?  analyser 


Band 


Figure  7.  Plot  of  absorption  cross  sections  of  the  CHr,'1  hand  maxima  versus 
temperature.  The  percentage  change  is  indicated  nn  the  right  hand 
side  for  each  hand. 
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Figure  1o.  CII^O  Absorption  cross  sections  at  5nm  spectral  resolution 
for  T  *  298  K  as  a  function  of  pressure. 
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Figure  11. 


CHgO  Absorption  cross  sections  at  5  nm  spectral  resolution 
for  T  =  298  K  as  a  function  of  pressure. 
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figure  13.  CHgCJ  Absorption  cross  sections  at  5  nm  spectral  resolution 
for  T  ■  22o  H  as  a  function  of  pressure. 


Figure  14.  Ratio  of  H„  and  CO  quantum  yields  in  the  photolysis  of  CI-LIJ  versus  wavelength 


Figure  15.  CCJ  quantum  yields  as  a  function  of  wavelength 
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Figure  16.  guantum  yields  as  a  function  of  wavelength. 
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/inure  17.  Stern. Vainer  plots  of  CO  Quantum  yields  versus  pressure 
a)  T  =  ^oo  rt,  b)  T  =  22a  K. 
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